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,QWURGXFWLRQ
)URPWKHSHGDJRJ\SRLQWRIYLHZDQDFWLYH OHDUQLQJDQGPHWDFRJQLWLRQ LVSURPRWHG WRPDNH OHDUQLQJUHOHYDQW
DQGDSULRULW\DFWLYLW\IRUOHDUQHU7KHRQOLQHFRXUVHDQGWKHYLUWXDOODERUDWRU\SUHVHQWWKHQHZHVWUHVHDUFKDVSHFWV
RI WKH LQVWUXFWRUV OLNH WKH PRGHOOLQJ VLPXODWLRQ UHPRWH FRQWURO DQG GHVLJQ RI VHPLFRQGXFWRU PLFUR DQG ELR
GHYLFHV ,Q WKLVSDSHU LVGHSLFWHGDYLUWXDO ODERUDWRU\ IRU WKHVLPXODWLRQDQGGHVLJQ LQ WKHPLFURHOHFWURQLFGHYLFHV
DQGELRFRPSRQHQWV7KHWRROVDQGWHFKQRORJLHVWKDWDLGLQWHDFKLQJDQGOHDUQLQJDUHSK\VLFDOUHPRWHRUYLUWXDO7KH
,7WRROVDUHXVHGVRWKDWWKHVWXGHQWVDUHQHYHUIRFXVHGRQPDNLQJWKHWRROVZRUNEXWUDWKHURQXVLQJWKHPLQWKH
LQIRUPDWLRQ FDSWXULQJ$ VSHFLDO DWWHQWLRQ LV SDLG IRU DVVHVVPHQW DQG WHVWLQJ LQ RUGHU WR SURYLGH HYLGHQFH RI WKH





3ROLWHKQLFD RI %XFKDUHVW (OHFWURQLFV )DFXOW\ 7KH LQWHUDFWLYH WHDFKLQJ FRQVLVWV LQ RQOLQH FRXUVHV DQG YLUWXDO
ODERUDWRULHVDERXWHOHFWURQLFVGHYLFHVVLPXODWLRQFLUFXLWRSWLPLVDWLRQDQGELRFRPSRQHQWVDQDO\VLV7KHVRIWZDUHLV
EDVHGRQ&RUHDQG&ROODERUDWLRQFRPSRQHQWVIURPWKH/RWXV/HDUQLQJ6SDFHSDFNDJH%RWKDGHPRQVWUDWLYHFRXUVH




IOH[LELOLW\$OO WKHFRPSRQHQWVDUH UXQQLQJRQD VLQJOHPDFKLQH7KHSHUVRQDOL]HGXVHU LQWHUIDFHVDUHHDV\ WRXVH
PRVW RI WKH WDVNV EHLQJ DXWRPDWLFDOO\ GRQH E\ WKH V\VWHPZKLFK LQ DGGLWLRQ RIIHUV D YHU\ IOH[LEOH DQG IULHQGO\




YDOLGDWHGZLWK LQWHJUDWHGELRPLFURHOHFWURQLFVFRXUVHDQG ODERUDWRU\7KHPDLQDGYDQWDJHVRI WKHELRDQGPLFUR
FRPSRQHQWV GHVFULSWRUV DUH WKH YLUWXDO ODERUDWRULHV ZLWK VLPXODWLRQV WRROV RU LQWHUQHW LQVWDQFHV RIIHULQJ KDSWLF
H[SHULPHQWDO UHVXOWV ZLWK DQ H[WUHPHO\ ORZ FRVW HQGRZPHQW $ FROODERUDWLYH RQOLQH VXSSRUW IRU ELRPLFUR
HOHFWURQLFVH/HDUQLQJZDVGHYHORSHGDQGXVHGIRUWHDFKLQJDQGDVVHVVLQJ7KHDVVHVVLQJWRROVZKHUHLPSURYHGZLWK
WKH PDWKHPDWLFDO HTXDWLRQV HGLWRU 7KH V\VWHP KDV LPSOHPHQWHG RQ WKH RQH PDFKLQH DQG FDQ EH DFFHVVHG IURP
DQ\ZKHUH WKURXJK WKH LQWHUQHW LQFOXGLQJ WKH QHZPRELOH SKRQHV1HZ ODERUDWRULHVZKHUH DGGHGE\ XVLQJ YLUWXDO
SULYDWH QHWZRUN DOVR DFFHVVLEOH IURP DQ\ZKHUH DQG HOHFWURQLFPDWHULDO VXSSRUW IRU FRXUVH DQG ODERUDWRU\ LQ ELR
PLFURHOHFWURQLFILHOGZDVGHYHORSHG$QHZFKDOOHQJHLQWKHELRPHGLFDOHQJLQHHULQJILOHGLVWKHSDWLHQWPRQLWRULQJ
E\LQWHUDFWLYHZHEDSSOLFDWLRQV7KHUHIRUHLQWKLVZRUNLVDOVRSUHVHQWHGDILUVWSRLQWFDUHRIPHGLFDOGLDJQRVLVWKDW
JXLGH WKH SDWLHQWV WR D ILUVW PHGLFDO FHQWUH ZLWK WKH DGYDQWDJH RI D IOH[LEOH VWUXFWXUH VXLWDEOH IRU WKH QH[W ZHE
GHYHORSHUVOLNHVWXGHQWVIURPELRLQIRUPDWLFVLQFRQQHFWLRQVZLWKPHGLFDOXQLYHUVLWLHV
7KH SDSHU SUHVHQWV WZR LQWHUGLVFLSOLQDU\ SDUWV DSSOLFDWLRQV RI RQ OLQH FROODERUDWLYH SODWIRUP UHJDUGLQJ WKH
PHGLFDOGLDJQRVLVDQGPLFURHOHFWURQLFVWHDFKLQJ7KHPHGLFDOGLDJQRVLVSUHVHQWGHWDLOVRILQWHUDFWLYHZHEGHVLJQHG




WHOHPHGLFLQH VHUYLFHV PRGXODU PHGLFDO FRQWDFW FHQWUHV ZLUHOHVV GDWD DFTXLVLWLRQ PHGLFDO GDWD VHFXULW\ LQ WKH
PRGHUQ PHGLFDO HQYLURQPHQWV >@ ,Q WKH ILUVW LQVWDQFH ZKHQ D SDWLHQW LV VHDUFKLQJ IRU D VXLWDEOH PHGLFDO
VSHFLDOW\ D ORW RI KXPDQHQHUJ\ DQG ILQDQFLDO FRVWV DUH FRQVXPHG2XU VWXGHQW DSSOLFDWLRQRIIHUV DQ(GLDJQRVLV
KHDOWKFDUHSRLQWZLWKDSRWHQWLDOFRVWVDYLQJVWRWKHKHDOWKFDUHV\VWHPVDYRLGLQJWKHWLPHVSHQGLQJWRR,WKDVWKH
SRWHQWLDOWRH[WHQGWKHPHGLFDOGDWDEDVHLQFOXGLQJDQGGHYHORSLQJQHZGHGLFDWHG(KHDOWKFDUHFHQWUH
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7KHPDWKHPDWLFDO DOJRULWKP IURP WKLV SDSHU JLYHV WKH SURJQRVWLF DV D VXP LQ SUREDELOLW\ WHUPV VWDUWLQJ IURP
V\PSWRPV WRGHWHUPLQH WKHGLDJQRVLV7KH IOH[LELOLW\ IHDWXUH LV DYDLODEOH XVLQJRSHQ ILOHV IRU QHZPDWKHPDWLFDO
H[SUHVVLRQLQWKHVRXUFHFRGH>@
,Q WKH QH[W VXEVHFWLRQ WKH RULJLQDOZHEGHVLJQHG GLDJQRVLV WRRO GHYHORSHG LQ FROODERUDWLRQZLWK WKH VWXGHQWV





SKS ILOHV 3+3 LV ³VHUYHUVLGH´ GXH WR LWV FRQWHQW DFFHVVLEOH IURP WKH VHUYHU UHVRXUFHV0\64/ 0\6WUXFWXUHG
4XHU\ /DQJXDJH FRQVLVWV LQ WKH PDLQ GDWDEDVH W\SH WKDW LV XVHG LQ RUGHU WR VWRUH WKH GLVHDVHV DQG V\PSWRPV
LQIRUPDWLRQ>@-DYD6FULSWLVDG\QDPLFVFULSWLQJODQJXDJHZKLFKGLUHFWO\LQWHUDFWVRQWKHEURZVHUPHQX+70/






'HVSLWHV RQ WKH KXJH DGYDQFHV LQ ELRLQIRUPDWLFV D XVHIXO VRIW WRRO IRU PHGLFDO GLDJQRVLV VWLOO VXIIHU IURP
KHWHURJHQHRXV GDWD VSDFHV LQFOXGLQJ QRQWH[WXDO LQIRUPDWLRQ >@ RU H[FHVVLYH KXJH GDWDEDVHV >@ ,Q FRPSDULVRQ





ZLWK GHWDLOHG DVVRFLDWHG V\PSWRPV )RU H[DPSOH LI WKH ³SDLQ´ FDWHJRU\ ZDV ILUVWO\ VHOHFWHG QRZ WKH XVHU PXVW
GHFODUHWKHORFDOL]DWLRQRULQWHQVLW\7KHVHOHFWHGV\PSWRPVRQFDWHJRULHVDUHVHSDUDWHO\GLVSOD\HGDVDOLVWW\SH
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)RUWK6WHS7KHSURFHGXUHHVWLPDWHVWKHSHUFHQWVRIVRPHGLDJQRVLVE\DSUREDELOLVWLFZD\DQGGLVSOD\VWKHP
LQWRWKHILQDOZHESDJH
7KH DOJRULWKP LV UHSRUWHG LQ WKH IROORZLQJ H[DPSOH ,I WKH XVHUPDUNHG  V\PSWRPV WKHVH GHILQH  WKH
XQNQRZQ GLVHDVH 7KHQ HYHU\ V\PSWRP LV FKHFNHG YHUVXV HDFK GLVHDVHV H[LVWHQW LQ WKH PHGLFDO GDWD EDVH IRU
LQVWDQFH DIWHU FKHFNLQJ  PDUNHG V\PSWRPV EHORQJ WR D UHFXUUHQW GHSUHVVLRQ WKH SHUFHQWDJH RI WKLV GLVHDVH LV












7KH XVHU LQWHUIDFH LV VWDUWLQJZLWK WKH ³9LUWXDO'LDJQRVLV LQ0HGLFLQH´ DGGUHVV VHOHFWLRQ LQ WKH ,QWHUQHW ZHE
EURZVHUILJ)RULQVWDQFHWKHXVHUWLFNVWKHIROORZLQJFDWHJRULHVLQ6WHS³ILOOLQJVLFN´³7URXEOHV´³9LHZ´$W
6WHS  VRPH GHWDLOHG FDWHJRULHV DUH DYDLODEOH DV W\SHV RI ³ILOOLQJ VLFN´ HWF DQG KH FRQWLQXHV WR WLFN ³:DON
7URXEOHV´³ILOOLQJVLFNLQYLHZDWERWKH\HV´RWKHUV$IWHU³&RQWLQXH´SUHVVLQJKHJRHVWR6WHSZKHUHDGHWDLOHG
OLVWRIDOODVVRFLDWHGV\PSWRPVLVDYDLODEOH+HUHKHOHWWKHLPSOLFLWILHOGVPDUNHGDW6WHSDQGKHDGGV³+DQGVRU
OHJV QXPELQJ´ ³$Q[LHW\ VHQVDWLRQ´ ³ILOOLQJ VLFN LQ VOHHSLQJ´ RWKHUV DQG ILQDOO\SUHVVHV ³'LDJQRVLV´ ,Q WKH ODVW
ZLQGRZDUHOLVWHGDOOWKHGHFODUHGV\PSWRPVDQGEHORZWKHSHUFHQWVRISRWHQWLDODVVRFLDWHGGLVHDVHV3DQLFDWWDFN±
RU+LJK EORRG SUHVVXUH ±  RU7DUGLYH'\VNLQHVLD ±  RU0DMRU'HSUHVVLRQ ±  RU
K\SRFDOFHPLD±RWKHUVDIIHFWLRQV±$OOVXSSRVHGGLVHDVHVFRYHUSHUFHQWDJH7KHSDWLHQWFDQ
VXVSHFWILUVWO\WKHGLVHDVHZLWKWKHPD[LPXPSUREDELOLW\7KLVSDSHURQO\VKRZVDSURRIRIFRQFHSW6WDUWLQJIURP
KHUH WKH HOHFWURQLF ILOHV ZLWK GLVHDVHV DQG V\PSWRPV FDQ EH HQULFKHG LQ D IXWXUH ZRUN ,QVLGH D ODUJHUPHGLFDO
GDWDEDVHLWLVSUHGLFWDEOHWRREWDLQD3RLVVRQGLVWULEXWLRQPXFKQDUURZHVWHJRUGLVHDVHZLWKaSUREDELOLW\
DQGRWKHUVGLVHDVHVVXESHUFHQW>@














IURP 0DVWHU RI (OHFWURQLFV ZLWK DGMDFHQW DSSOLFDWLRQV WKDW LQFOXGH HOHDUQLQJ SODWIRUPV 7KH ELRFRPSRXQGV
DQDO\VLV RU PHPEUDQHG SRWHQWLDO PHDVXUHPHQWV FDQ¶W EH SHUIRUPHG ZLWKLQ D WHFKQLFDO XQLYHUVLW\ HQGRZPHQW
7KHUHIRUH VRPH VLPXODWLRQV DUH XVHG WR UHSODFH VRPH GLIILFXOW H[SHULPHQWV 7KH IROORZLQJ H[DPSOHV DUH
LPSOHPHQWHGLQWKH/HDUQLQJ6SDFHHQYLURQPHQW








   D      E
)LJD$ELRVHQVRUFDSWXULQJXVLQJ$PELHQWDVQDQRSRURXV7L2DQG$PELHQWDVJOXFRVHR[LGDVHOD\HU 
EWKHSRWHQWLDOGLVWULEXWLRQDW9* 9ZKLFKFRUUHVSRQGVWRDPD[LPXPJOXFRVHFRQFHQWUDWLRQ
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$QLPDWLRQRIVRPHQHXURWUDQVPLWWHUVH[RF\WRVH
$QRWKHUH[DPSOHLVGHYRWHGWRSURYLGHVRPHLQWUDFHOOXODUSKHQRPHQDZLWKRXWELRORJLFDOPLFURVFRS\7KHQH[W
DQLPDWLRQ LV SHUIRUPHG LQ 6RWKLQN6:)4XLFNHU 6RIWZDUH ,W XVHV )ODVK LQ RUGHU WR DQLPDWH D VHULHV RI LPDJHV
GHVFULELQJWKHV\QDSVHZRUNUHJLPHLQWRDPRYLHRIWKHHQWLUHSURFHVV)LJXUHSUHVHQWVVRPHVHTXHQFHVIURPWKLV
PRYLHIRUWKHHOHFWULFDOSXOVHWUDQVPLVVLRQDORQJD[RQ:KHQWKHDFWLRQSRWHQWLDO±WKHJUHHQ]RQH±RSHQVWKH&D
FKDQQHOV WKHQHXURWUDQVPLWWHUH[RF\WRVHRFFXUV7KHQHXURWUDQVPLWWHU LVUHFRYHUHGLQWR WKHWHUPLQDOEXWWRQVDIWHU
WKH&DOFLXP UHXSWDNH DQG HQVXUHV WKHSUHSDUDWLRQ IRU D QHZSXOVH WUDQVPLVVLRQ7KHELRORJLFDO SKHQRPHQRQZDV
OHDUQHG IURP WKH FHOOXODU ELRORJ\ OLWHUDWXUH DQG GHYHORSHG DV D VRIWZDUH DSSOLFDWLRQ 3UHYLRXV DQLPDWLRQV ZHUH












WR DFFHVVYDULRXV LQIRUPDWLRQ DQGNQRZOHGJH)LUVWZHXVHG WKHZHOO NQRZ LPSOHPHQWHG H/HDUQLQJ(QYLURQPHQW
/RWXV/HDUQLQJ6SDFHSDFNDJHXVLQJ:LQGRZV17LQVWDOODWLRQXQGHUYLUWXDO3&FRPSDWLELOLW\RIDFWXDORSHUDWLQJ
V\VWHPV7KHH/HDUQLQJ(QYLURQPHQWEDVHGRQ/HDUQLQJ6SDFHUHTXLUHV&RUHVHUYHU&RQWHQWVHUYHUDQG5HODWLRQDO
GDWDEDVH PDQDJHPHQW V\VWHP 5'%06 PRGXOHV ,Q DGGLWLRQ WKLV HQYLURQPHQW VXSSRUWV &ROODERUDWLRQ VHUYHU
/RWXV'RPLQRVHUYHUDQG6073VHUYHUDVRSWLRQDOPRGXOHV7KH&RUHVHUYHULVWKHHQWU\SRLQWIRUDOOXVHUV$XVHU
DFFHVVHVWKHH/HDUQLQJ(QYLURQPHQW(/(E\XVLQJ+\SHU7H[W7UDQVIHU3URWRFRO+773
7KH FRXUVH ³(OHFWURQLF 3URFHVV 6LPXODWLRQ LQ ,QWHJUDWHG0LFURQDQRVWUXFWXUH´ ZDV LPSOHPHQWHG LQ WKLV (/(
V\VWHP )LUVW ZH FUHDWHG XVHU SURILOHV WR VHW SHUPLVVLRQV DQG VHW WKH PRGDOLW\ WR UHJLVWHULQJ XVHUV 7KH FRQWHQW
PDQDJHPHQWGHVFULEHVKRZ WKH FRQWHQWPDWHULDOV DUHGHOLYHUHG WR WKHXVHUV:HFDQ DVVLJQ LQVWUXFWRUV WR D JLYHQ
FRXUVH7KLV LQIRUPDWLRQ LV XVHG LQ WKHFRXUVHFDWDORJXH WKHHPDLO OLVW DQG OLYHV VHVVLRQV7KHTXHVWLRQVFDQEH
FUHDWHG ZLWK SURSHU SHUPLVVLRQV LQ WKH 0DWHULDOV PRGXOH DQG FDQ EH HYDOXDWHG RQ WKH VHUYHU ZLWKRXW KXPDQ
LQWHUDFWLRQ ,QRUGHU WR LPSURYH WKHTXHVWLRQV IRUPDWZHXVHG WKHZHEGHVLJQ0DFURPHGLD'UHDPZHDYHU WRRO LQ
RUGHUWRHGLWPDWKHPDWLFDOHTXDWLRQVOLNHHTXDWLRQ
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7KH&ROODERUDWLRQFRPSRQHQWSURYLGHVIHDWXUHV WKDWDOORZ LQVWUXFWRUVDQGVWXGHQWV WR LQWHUDFWDVSDUWRIFRXUVH
DFWLYLWLHV 7KH SODWIRUP SURYLGHV WKH YLUWXDO FODVVURRP ZKHUH LQWHUDFWLYH VHVVLRQV WDNH SODFH DQG PDQDJHV












,Q WKLV SDSHU VRPHFROODERUDWLYHSODWIRUPV IRU WKHELRPHGLFDO HQJLQHHULQJ ILHOGVZHUH FRQWH[WXDOL]HG KDYLQJ D
VHPDQWLF LQWHURSHUDELOLW\ RI WKH HOHFWURQLF KHDOWK UHFRUGV HVSHFLDOO\ LQ ZHE DVVLVWHG SDWLHQWV 7KH LPSOHPHQWHG
V\VWHPV DUH DFFHVVLEOH IURP DFDGHPLF FHQWUHV DQG KDYH D KLJK IOH[LELOLW\ 7KH SHUVRQDOL]HG XVHU LQWHUIDFHV DUH
VLPSOH WR XVH PRVW RI WKH WDVNV EHLQJ DXWRPDWLFDOO\ GRQH E\ WKH V\VWHP ZKLFK LQ DGGLWLRQ RIIHUV D IULHQGO\
PDQDJHPHQW7KHFROODERUDWLRQPRGXOHDOORZVWKHXVHRIOLYHVHVVLRQVHQKDQFHGWRROVOLNHZKLWHERDUGVIROORZPH
VHWV FKDW VFUHHQ VKDULQJ DQG DXGLRYLGHR FRPPXQLFDWLRQV 7KH LPSOHPHQWHG HOHDUQLQJ V\VWHP EDVHG RQ /RWXV
/HDUQLQJ6SDFHSDFNDJHZDVWHVWHGDQGYDOLGDWHGZLWKLQWHJUDWHGPLFURELRHOHFWURQLFVFRXUVHDQGODERUDWRU\
7KHPDLQDGYDQWDJHVRIWKHPLFURDQGELRFRPSRQHQWVGHVFULSWRUVDUHWKHYLUWXDOODERUDWRULHVZLWKVLPXODWLRQV
WRROV RU LQWHUQHW LQVWDQFHV RIIHULQJ KDSWLF VNLOOV DW DQ H[WUHPHO\ ORZFRVW HQGRZPHQW 7KHPDLQGHILFLHQFLHV DUH
UHODWHGWRDSRRUYDULHW\IRUWKHELRVKDSHFDSWXULQJDGLIILFXOWDQGLQFRPSOHWHGHVFULSWLRQLQHOHFWURQLFVVRIWZDUH
WRROV RI WKH H[WUHPHO\ KLJK DQG FRPSOH[ ELRORJLFDO SURSHUWLHV HQFRXQWHUHG LQ WKH OLYLQJ PDWWHU RU ELRPDWHULDOV
7KHUHIRUHWKHIXWXUHZRUNKDVWREHIRFXVHGRQWKHRSWLPL]DWLRQVDQGHQKDQFHGWRROV
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